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Inorganic photocatalytic materials exhibiting a highly efficient response to ultraviolet-visible light spectrum have become a subject of
widespread global interest. They offer a substantial prospect for generating green energy and mitigating water pollution. Zinc oxide
(ZnO), among various semiconductors, proves advantageous for water-splitting applications due to its elevated reactivity, chemical
stability, and nontoxic nature. However, its efficacy as a photocatalyst is hindered by limited light absorption capacity and swift
charge carrier recombination. To improve charge separation and enhance responsiveness to ultraviolet-visible light photocatalysis,
the formation of a heterojunction with another suitable semiconductor is beneficial. Thus, we employed hydrothermal route for the
synthesis of the samples, which is a high-pressure method. The formations of ZnO/NiO heterostructures were revealed by
scanning electron microscopy, X-ray diffraction analysis, energy-dispersive X-ray spectroscopy, and Fourier transform infrared
spectroscopy. The nanocomposites were discovered to have a substantially higher photocatalytic activity for the generation of H2.
The H2 production rates show that ZnO (i.e., 168.91μmolg-1 h-1) exhibits good H2 production rates as compared to NiO (i.e.,
135.74μmolg-1 h-1). The best production rates were observed for ZN-30 (i.e., 247.56μmolg-1 h-1) which is 1.46 times greater than
ZnO and 1.82 times greater than NiO. This enhanced photocatalytic activity for ZN-30 is because of the good electron-hole pair
separation due to the formation of depletion layer, suppression of fast charge recombination, and overcoming resistance corrosion.

1. Introduction

The rise in the CO2 levels in the atmosphere has been con-
stant for the past decades [1], reaching up to 412 ppm,
causing severe damage to our ecosystem (on land as well
as marine life) that is majorly caused by the extensive con-
sumption of fossil fuels (oil, natural gas, and coil) as our
primary and major source of energy [2, 3]. Therefore, it is
evident that the natural carbon cycle has deteriorated and
that innovative concepts for achieving sustainable and green
energy sources for the future have become a need/necessity.

Therefore, H2 as a fuel with no carbon footprint might
be considered the most suitable energy source for the future
[4]. Earth consists of large percentage of water that can be
utilized for the production of H2 via water-splitting process

[5]. The photocatalysts are utilized in the process of water
splitting for the production of H2 through photocatalysis.
The purpose of the photocatalyst here is to speed up the
chemical reaction between the reactants (by shrinking down
the activation energy) when illuminated with light.

Metal oxides are a decent candidate to be utilized as a
photocatalyst, such as ZnO, SnO2, TiO2, NiO, CuO, MgO,
and Fe2O3 [6–8]. But metal oxides reside some properties,
i.e., corrosion resistance, fast charge (e-/h+ pair) recombi-
nation, and wide band gap [9], which are not in favor
of efficient photocatalysis; therefore, we need to overcome
these problems and engineer these properties to our favor.
In order to overcome these hurdles, three solutions are
available, i.e., doping, variation in morphology, and
heterojunctions.
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Titanium dioxide (TiO2) is one of the semiconductor
metal oxide photocatalysts that has undergone substantial
research and is frequently employed [10–12]. Due to the
similar band gap energies ranging from 3.10 to 3.37 eV
(from nanostructure-bulk structure) and lower price of zinc
oxide (ZnO), it is a viable substitute for titanium dioxide
(TiO2) [13–16]. The low quantum yield of ZnO is due to
the high rate of photogenerated electron-hole pair recombi-
nation [17]. According to several studies, the mutual transfer
of photogenerated charge carriers (e-/h+) in the ZnO-based
heterojunctions can enhance the photocatalytic activity of
the heterojunction, including noble metal and semiconduc-
tor heterojunctions [18–22].

NiO with an intriguing electronic structure is a p-type
semiconductor with a rock salt or cubic structure compris-
ing of a band gap ranging from 3.6 to 4.0 eV (nanostruc-
ture-bulk structure). Nickel oxide, among the composite
materials, has drawn a steadily increased interest with its
ZnO/NiO heterostructural nanomaterials [23, 24]. NiO is
capable of being utilized for the fabrication of n-p hetero-
junction with ZnO because of its strong hole (h+) mobility
and low lattice mismatch [25, 26].

Yousaf et al. [27] synthesized NiO/ZnO nanocomposite
photocatalyst through coprecipitation and cogel formation
methods, utilizing the precipitating agents KOH, Na2CO3,
and H2C2O4. The most efficient NiO/ZnO composite sample
demonstrated superior photocatalytic activity compared to that
of the individual components, thus establishing its greater effi-
ciency than the pure components. Udayachandran Thampy
et al. [28] synthesized a nanocomposite of ZnO–NiO and doc-
umented its efficiency in photocatalytic degradation. Themate-
rial was produced using the sonication method applied to their
corresponding salts. The research revealed that the ZnO–NiO
composite displayed superior degradation efficiency compared
to individual metal oxides when exposed to solar light. This
enhanced efficiency was linked to the internal electric field
existing between the ZnO and NiO phases. Sharma et al.
[29] synthesized nanostructured ZnO–NiO-mixed oxide
powder exhibiting enhanced photocatalytic performance using
a homogeneous precipitation method, followed by high-
temperature annealing within the 300–700°C range. Conve-
nient chemical pathways described in existing literature for
crafting ZnO–NiO nanocomposites involve one-pot solution
processing followed by high-temperature annealing (300–
700°C) and a solvothermal process requiring an extended pro-
cess duration of 12 hours. Ma et al. [30] synthesized ZnO–NiO
nanocomposites by combining neem leaf extract with a hydro-
thermal synthesis method. Jayababu et al. [31] fabricated ZnO–
NiO nanocomposites through a coprecipitation technique
followed by a sol-gel process. Xiao et al. [32] documented an
innovative approach to produce ZnO–NiO nanoheterojunc-
tions using a three-step chemical synthesis method. In this
process, hydrothermally synthesized carbon spheres served
as the substrates for the development of these heterostruc-
tures. The final step involved the high-temperature calcina-
tion (at 400°C), leading to the thermal evaporation of the
carbon spheres.

In the current study, we outline an efficient and cost-
effective approach for the fabrication of ZnO (nanoplateletes)/

NiO (nanospheres) heterostructures. A systematic study has
been conducted on the photocatalytic activity of ZnO/NiO
heterojunctions. According to the results, a type two hetero-
junction (staggered bap) has been achieved which promotes
the fast interfacial charge transfer within the heterojunction
which highly promotes the photocatalytic activity [33]. There-
fore, the n-type ZnO/p-type NiO heterojunctions have
outstanding photocatalytic activity that outperforms that of
pure ZnO and pure NiO [23].

2. Experimental Details

2.1. Materials. For the synthesis of ZnO, zinc nitrate hexahy-
drate (Zn(NO3)2.6H2O), potassium hydroxide (KOH), and
deionized water are the chemicals that were utilized. For
the synthesis of NiO, nickel(II) chloride hexahydrate
(Ni(II)Cl2.6H2O), urea (CH4N2O), and deionized water
were utilized. And for the synthesis of ZnO/NiO hetero-
junction, zinc nitrate hexahydrate (Zn(NO3)2.6H2O), potas-
sium hydroxide (KOH), nickel(II) chloride hexahydrate
(Ni(II)Cl2.6H2O), urea (CH4N2O), and deionized water are
the chemicals utilized. All the chemicals/precursors used were
of analytical grade. Hydrothermal route was adapted for the
synthesis of our required samples as it helps us achieve high
temperature and pressure.

2.2. Synthesis of ZnO. For the synthesis of ZnO, zinc nitrate
hexahydrate (Zn(NO3)2.6H2O) and potassium hydroxide
(KOH) were measured at their stoichiometric amounts.
Firstly, zinc nitrate hexahydrate (7.512 g/0.505M) was added
to 50ml of DI water (Sol. 1) and was stirred using a magnetic
stirrer. Then, potassium hydroxide (6.985 g/1.5M) was
added in 83ml of DI water in a separate container (Sol. 2).
While Sol. 1 was under stirring, a dropwise addition of Sol.
2 into Sol. 1 was carried out for 15 minutes. The resulting
solution (Sol. 3) was transferred to an autoclave (200ml),
which was shifted to the oven for heat treatment at a con-
stant temperature of 180°C for 20 hours. The resulting pre-
cipitates (of Sol. 3) were washed with DI water and ethanol
(70-30%) in the centrifuge for removing the impurities.
One cycle of the centrifuge was set to be at 5500RPM for 5
minutes, and a total of 7 cycles were performed to achieve
excellent purification. The samples were transferred into a
China dish and were dried in the oven at 80°C for 12 hours.

2.3. Synthesis of NiO. For the synthesis of NiO, nickel(II)
chloride hexahydrate (Ni(II)Cl2.6H2O) and urea (CH4N2O)
were measured at their stoichiometric amounts. Firstly,
nickel(II) chloride hexahydrate (3.565 g/0.1M) was added
to 150ml of DI water (Sol. 1) and was stirred using a mag-
netic stirrer. Then, urea (1.801 g/0.2M) was added to Sol. 1
under continuous stirring for 10 minutes. The resulting
solution was transferred into an autoclave (200ml), which
was shifted to the oven for heat treatment at a constant tem-
perature of 120°C for 12 hours. The resulting precipitates
were washed with DI water and ethanol (70-30%) in the cen-
trifuge for removing the impurities. One cycle of the centri-
fuge was set to be at 5500RPM for 5 minutes, and a total of 7
cycles were performed to achieve excellent purification. The
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samples were transferred into a China dish and were dried in
the oven at 60°C for 12 hours. The samples were annealed in
the furnace for curing at 500°C° for 2 hours at a 5°C rise
per minute.

2.4. Synthesis of ZnO/NiO Heterojunction. A total number of
6 samples were synthesized as demonstrated in Table 1: ZnO
(pure), NiO (pure), ZnO/NiO heterojunction (90% ZnO/
10% NiO denoted by ZN-10), ZN-20, ZN-30, and ZN-40.
The general synthesis procedure for the heterojunction is
shown in Figure 1, described as stoichiometric amounts of
NiO (pure), zinc nitrate hexahydrate (Zn(NO3)2.6H2O),
and potassium hydroxide (KOH) employed. Firstly, zinc
nitrate hexahydrate was added in DI water (Sol. 1) and was
stirred using a magnetic stirrer. Then, potassium hydroxide
was added in DI water in a separate container (Sol. 2). While
Sol. 1 was under stirring, NiO (pure) and a dropwise addi-
tion of Sol. 2 into Sol. 1 was carried out for 15 minutes.
The resulting solution (Sol. 3) was transferred to an auto-
clave, which was shifted to the oven for heat treatment at a
constant temperature of 180°C for 20 hours. The resulting
precipitates (of Sol. 3) were washed with DI water and etha-
nol (70-30%) in the centrifuge for removing the impurities.
One cycle of the centrifuge was set to be at 5500RPM for 5
minutes, and a total of 7 cycles were performed to achieve
excellent purification. The samples were transferred into a
China dish and were dried in the oven at 80°C for 12 hours.

2.5. Characterization. The crystal structure and phase of the
samples were studied using JDX-3532 (JEOL, Japan) diffrac-
tometer. The morphology and elemental composition of our
samples were studied using JSM5910 by JEOL, Japan, with
EDX attachment (INCA200/Oxford Instruments, UK). For
studying the nature and behavior of the chemical bonds in
the samples, Cary 630 (Agilent Technologies, USA) was
employed. Shimadzu UV-1800 UV-visible scanning spectro-
photometer was utilized to examine the material’s optical

Table 1: Sample names and corresponding compositions.

Sample name Z100 ZN-10 ZN-20 ZN-30 ZN-40 N100

ZnO% 100 90 80 70 60 —

NiO% — 10 20 30 40 100

Zn (NO3)2.
6H2O

15
minutes

Stirring

50 ml
DI

water

83 ml
DI

water

NiO (Pure)
KOH (6.9851 g)

Autoclave

20 hours

180°C

Dropwise
addition

3

1

2

5500 RPM

5 minutesZnO/NiO
nanocomposite

DI and ethanol

Wash with

12 hours

Dried at 80°c

Figure 1: Hydrothermal synthesis of ZnO/NiO heterojunction.
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Figure 2: XRD analysis.
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properties. The photoluminescence examination was carried
out using FS5 spectrofluorometer (Edinburgh Instruments).

2.6. Electrochemical Impedance Spectroscopy. The EIS analy-
sis was adapted to study how the photogenerated charge car-
riers are stimulated and transported within our crystalline
material. The EIS analysis was carried out with the help of
an electrochemical cell, which consisted of Na2SO3 solution
along with three electrodes, i.e., working, counter, and refer-
ence electrode. For the preparation of our working electrode,
we employed FTO (fluorine tin oxide) substrate (1 × 1 cm).
Initially, the substrate was divided into two sections; one sec-
tion was covered with a masking tape, and on the other sec-
tion, our sample (10mg), Nafion solution (250μl), and
ethylene glycol (250μl) were deposited and dried in the
oven. When the substrate was dried, the masking tape on
the other half of the substrate was removed and was ready
for use. As the electrochemical cell was ready for use, light
was illuminated on the experimental setup which caused
the photogenerated charge carriers in the working electrode

to move, and therefore, change in the potential due to our
sample with respect to the reference electrode was measured.

2.7. Gas Chromatography. In the experimental procedure of
photocatalysis, a mixture of gases was obtained which
needed to be separated in order to obtain our required gas
(H2). The sample was injected into the oven through the

Table 2: Lattice parameters.

S. no. Peak positions 2θ (degree) Crystallite size (nm) d-spacing (Å) Microstrain (×10-3)
ZnO

1 31.93609 23.33 2.8001 5.4

2 34.60013 25.61 2.5903 4.55

3 36.42891 23.74 2.4644 4.67

4 47.731 25.05 1.9039 3.42

5 56.78595 23.45 1.6199 3.11

6 63.05414 23.07 1.4731 2.87

7 66.54924 23.71 1.3254 2.85

8 68.14391 22.7 1.3755 2.73

9 69.27856 22.72 1.3552 2.68

Average crystallite size = 24 04 nm
NiO

1 37.39984 22.12 2.4026 4.89

2 43.43758 21.42 2.0816 4.37

3 63.0341 19.79 1.4735 3.35

4 75.57161 19.59 1.2572 2.89

5 79.56295 19.31 1.2039 2.81

Average crystallite size = 20 39 nm
ZN-30

1 32.12396 17.61 2.7841 7.11

2 34.76413 18.44 2.5785 6.29

3 36.58046 16.9 2.4545 6.54

4 43.57221 12.77 2.0755 7.32

5 47.84529 18.88 1.8996 4.53

6 56.89828 18.47 1.617 3.94

7 63.16263 16.76 1.4709 3.95

8 68.24632 17.51 1.3731 3.53

9 69.38185 14.54 1.3534 4.19

Average crystallite size = 17 18 nm

(a) (b) (c)

Figure 3: SEM micrographs of (a) ZnO, (b) NiO, and (c) ZN-30.

4 International Journal of Photoenergy



injector port. As the temperature of the injector port was
kept at 20-50 C° higher than that of the oven, it helped our
sample to be rapidly volatilized. The volatilized sample was
moved within the column of the oven with the help of a car-
rier gas. As different gases have different boiling points, they
move with different speeds within the column. The gases
having low boiling point move quickly, while the gases hav-
ing higher boiling points move relatively slow, after which
they reach the detector and provide us the data.

3. Results and Discussions

3.1. XRD Characterization. XRD analysis was adapted to
study the crystal structure and phase of the synthesized
samples. The diffraction peaks for ZnO, NiO, ZN-10,
ZN-20, ZN-30, and ZN-40 are obtained in the XRD
micrograph shown in Figure 2. The diffraction peaks
31.93609°, 34.60013°, 36.42891°, 47.731°, 56.78595°, 63.05414°,
66.54924°, 68.14391°, and 69.27856° for ZnO at 2θ values corre-
spond to (100), (002), (101), (102), (110), (103), (200), (112),
and (201) crystal faces, therefore revealing a hexagonal wurtzite
structure while being identical to the JCPDS card # 01-089-0511
[34]. For NiO, the diffraction peaks 37.39984°, 43.43758°,

63.0341°, 75.57161°, and 79.56295° at 2θ values correspond to
(111), (200), (220), (311), and (222) crystal faces, therefore
revealing a cubic structure while being identical to the JCPDS
card # 01-075-0197 [35]. The XRD pattern of both ZnO and
NiO indicates high crystallinity which can be seen from the dif-
fraction peaks. Similar for the nanocomposites, the peaks of
both ZnO and NiO are present (indicated by a star in
Figure 2) indicating the presence of both crystal structures
(hexagonal wurtzite and cubic) and the successful formation of
our required heterojunction. The lattice parameters shown in
Table 2 reveal the average crystallite sizes for ZnO, NiO, and
ZN-30 to be 24.04nm, 20.39nm, and 17.18nm, respectively.

3.2. SEM Analysis. By employing scanning electron micros-
copy, the surface morphology of ZnO, NiO, and ZN-30
was examined. The micrographs of ZnO, NiO, and ZN-30
samples are shown in Figure 3. The first set of micrographs
of ZnO and NiO was captured with 1μm magnification
and ×10,000 resolution, and for ZN-30, 10μmmagnification
and ×2,500 resolution were adjusted. For the second set of
micrographs, for ZnO and NiO, 0.5μm magnification and
×30,000 resolution were adapted, and for ZN-30, 5μm
magnification and ×5,000 resolution were adjusted. The
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Figure 4: EDX analysis of (a) ZnO, (b) NiO, and (c) ZN-30.
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difference between the scale of pure ZnO,NiO, and the hetero-
junction was adapted due to the difference between the grain
size of ZnO and NiO. The grain size of NiO is very large as
compared to that of ZnO, and different scales are adapted
for the sake of comparability. From the SEM micrographs,
we conclude that ZnO nanoplatelete morphology and NiO
nanosphere morphology are observed whereas for ZN-30
heterojunction, both the morphologies, i.e., nanoplatelets on
the surface of nanosphere morphology, are observed.

3.3. EDX Analysis. For the study of elemental composition of
the samples, EDX analysis is adapted, according to which the
presence of Zn and O for ZnO is detected. For NiO, the
presence of Ni and O is clearly observed, whereas for
ZN-30 heterojunction, the presence of Zn, Ni, and O is clearly
confirmed as shown in Figures 4(a)–4(c). The micrographs
and the quantitative analysis of EDX study clearly indicate that
there are no impurities present in all the samples, therefore
indicating high purity of the synthesized samples. From the
quantitative analysis (Table 3), the emissions from the specific
orbits of ZnO (i.e., O (L) and Zn (L)), NiO (O (K) and Ni (K)),
and ZN-30 (O (K), Ni (K), and Zn (L)) along with their
respective weight % and atomic % values are indicated.

3.4. FTIR Analysis. For studying the behavior of the chemical
bonds present in the synthesized samples, the FTIR spectra
of ZnO, NiO, and ZN-30 were captured. From the analysis,
a common broad peak in the spectra of ZnO, NiO, and
ZnO/NiO heterojunctions is observed from 3200 to
3600 cm-1, which is due to the O-H stretching bond. For
ZnO at 568 cm-1, the stretching vibrations of Zn-O are
observed, and the existence of a band at 1242 cm-1 corre-
sponds to the H–O–H bending mode, whereas the OH
stretching mode is observed at 3428 cm-1. These vibrations
stem from water molecules adsorbed on the surface of the
crystallites [36]. For NiO, the presence of an absorption
band at 3497 cm-1 in the sample indicates the absorption of
the OH stretching mode. Additionally, the existence of a
band at 1235 cm-1 (corresponding to the H–O–H bending
mode) is indicative of water absorption in the NiO product.
It is crucial to highlight that the IR spectra of NiO with a
spherical shape exhibited a pronounced and robust vibration
band at 575 cm-1, arising from the stretching vibration of
metal-oxygen bonds [37]. For ZN-30, the IR absorption
bands observed at 563 cm-1 correspond to ZnO, while those
at 570 cm-1 resemble the characteristics of NiO nanocom-
posite. Additionally, the characteristic bands of both compo-
nents are merged. These findings validate the presence of
ZnO and NiO and their presence in the heterojunctions
and support the XRD data. Figure 5 shows the FTIR
spectrum of ZnO, NiO, and their heterojunctions, while
Table 4 provides the quantitative analysis of the samples.

3.5. UV-Vis Analysis. For the synthesized samples, UV-
visible absorption spectrum was captured for the analysis
of their optical properties. For ZnO, NiO, and ZN-30, the
UV-visible absorption spectra were measured between 200
and 800nm as shown in Figure 6(a). According to the
absorption spectra (Figure 6(a)), the absorption peaks for

ZnO and NiO are relatively small as compared to that of
ZN-30. This increased absorption for ZN-30 is the confirma-
tion point that confirms the formation of a heterojunction
between ZnO and NiO. Figures 6(b)–6(d) represent the
Tauc’s plot that were evaluated for obtaining the band gap
energy values of the samples that were observed to be
3.26 eV for ZnO, 3.8 eV for NiO, and 3.4 eV for ZN-30 het-
erojunction [38, 39].

3.6. Photocatalytic H2 Production, H2 Production Rate, and
Photostability. The photocatalytic activity of the samples is
shown in Figure 7(a), from which we can conclude that the
photocatalytic activity of ZnO is low as compared to NiO
and its heterojunctions [27], while for the heterojunctions,
the photocatalytic activity is enhanced. The best perfor-
mance is shown by ZN-30 heterojunction with the highest
response. Here, the most efficient heterojunction is formed
which results in the enhanced photocatalytic activity. The
reason for this enhanced activity is the ZnO–NiO ratio. As
it can be seen from Figure 7(a), when the amount of NiO
is increased, the H2 production response is increased [28].
But up to a certain point, the photocatalytic activity
increases, after which it starts to decreases, which is due to
the shielding effect, i.e., large content of ZnO on the surface
of NiO, which almost absorbs all the light and less light is
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Figure 5: FTIR analysis.

Table 3: EDX quantitative analysis.

Element Weight % Atomic %

ZnO

O (L) 9.55 30.14

Zn (L) 90.45 69.86

NiO

O (K) 2.49 8.57

Ni (K) 97.51 91.49

ZN-30

O (K) 4.04 14.18

Ni (K) 29.49 32.08

Zn (L) 66.47 53.74
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reached to NiO. H2 production rates of the samples are illus-
trated in Figure 7(b), according to which ZnO exhibits good
H2 production rates (168.91μmolg-1 h-1) as compared to
NiO (135.78μmolg-1 h-1). The best production rates were
observed for ZN-30 (247.56μmolg-1 h-1) which is 1.46 times
greater than ZnO and 1.82 times greater than NiO.
Figure 7(c) illustrates the cyclic stability of ZN-30, according
to which when the catalyst is exposed to light (xenon light)

for continuous five cycles (each of five hours), the fluctua-
tion in the H2 production activity is of very small order
and is almost negligible showing a good cyclic stability and
reduced resistance corrosion.

3.7. Transient Photocurrent, EIS, and Photoluminescence
Analysis. The transient photocurrent analysis of the samples
was conducted in order to study the photogenerated charge
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Figure 6: UV-Vis analysis. (a) Absorption spectra, (b) ZnO Tauc plot, (c) NiO Tauc plot, and (d) ZN-30 Tauc plot.

Table 4: FTIR quantitative analysis.

Elements Peaks Assignments

ZnO
(a) 568 cm-1

(b) 1242 cm-1

(c) 3428 cm-1

(a) Stretching vibrations
(b) Bending vibrations of O-H
(c) O-H stretching vibrations

NiO
(a) 575 cm-1

(b) 1235 cm-1

(c) 3497 cm-1

(a) Stretching vibrations
(b) Bending vibrations
(c) O-H stretching vibrations on the surface

ZN-30
(a) 563 cm-1

(b) 570 cm-1
(a) ZnO characteristics
(b) NiO characteristics
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carrier intensity as shown in Figure 8(a). The transient pho-
tocurrent analysis implies that the photogenerated charge
carrier’s intensity in both ZnO and NiO is less, as they are
in their pure form, but for ZN-30, the photogenerated
charge carrier’s intensity is highly increased, which is due
to the formation of a heterojunction, therefore enhancing
its photocatalytic activity. The electrochemical impedance
spectroscopy is illustrated in Figure 8(b), which implies that
NiO has a bigger circular arc’s diameter, whereas ZnO has
the 2nd largest circular arc’s diameter, which means it has a
higher charge transfer resistance as compared to ZN-30, as
they are in pure form. ZN-30, being a heterojunction, has a
smaller circular arc’s diameter among ZnO and NiO, which
implies that ZN-30 has the lowest charge transfer resistance
(through the interface) which promotes fast interfacial
charge transfer that is superlative to photocatalytic activity
[27, 30]. The photoluminescence analysis is illustrated in
Figure 8(c). In the PL spectra, the excitation wavelength of
260nm was applied. The micrograph indicates that NiO
has the highest emission intensity. The second highest emis-
sion intensity is observed for ZnO. For ZN-30, the emission
intensity is the lowest, which indicated the suppression of
electron-hole pair recombination. From the above results,

we can state that for ZN-30, the photogenerated charge
carrier’s intensity is highly increased, the charge transfer
resistance is low as a result promoting fast interfacial charge
transfer, and the electron-hole pair recombination is suc-
cessfully suppressed (for ZN-30), all of which are highly in
favor of efficient photocatalysis.

3.8. Proposed Mechanism. We have presented a mechanism
for the working of the photocatalyst that explains a clear-
cut image of the whole process. When light is radiated on
ZnO nanoparticles, the electrons (e-) in the valance band
of ZnO jump to the conduction band leaving a hole (h+)
behind [40]; due to the low charge transfer resistance in
the heterojunction (through the interface), the electrons are
transferred to the surface of NiO, therefore increasing the
electron concentration on the surface of NiO, whereas the
hole concentration is greater on the other side (ZnO); as a
result, a depletion layer is formed which helps in a good
electron-hole pair separation. This process occurring is
called internal electric field-induced charge transfer. Simi-
larly, at the same time, the redox reaction occurs. On the
surface of NiO, reduction reaction occurs; H+ ions receive
electrons from the surface of NiO and produce H2
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Figure 7: (a) Photocatalytic H2 production, (b) H2 production rate, and (c) photostability.
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molecules. Similarly, the holes that were left behind partici-
pate in the oxidation reaction to produce oxygen molecules
from O- ions. Here, both of these reactions (reduction and
oxidation) occur simultaneously and a charge balance is
maintained [22]; as a result, we obtain H2 along with O2 as
illustrated in Figure 9.

4. Conclusion

ZnO (nanoplateletes), NiO (nanospheres), and ZnO/NiO
(nanoplateletes on the surface of nanospheres) heterojunc-
tions were successfully synthesized by hydrothermal
method. XRD, SEM, EDX, FTIR, and UV-visible analyses
were adapted to confirm the formation of our required
samples. The band gaps estimated from UV-Vis analysis
for ZnO and NiO are 3.26 eV and 3.8 eV, respectively,
whereas for ZN-30 heterojunction, the band gap value was
3.4 eV, which is suitable for photocatalytic hydrogen produc-
tion. The electrochemical results revealed that transient pho-
tocurrent response of ZN-30 is greater than pristine ZnO,
NiO, and rest of the heterojunctions, with a lower charge
transfer resistance, therefore allowing for fast interfacial
charge transfer, as a result enhancing the redox reactions
for better photocatalysis. PL analysis indicated that the
recombination of charge carrier’s is highly suppressed in
ZN-30 heterojunction. Based on these results, the photocat-
alytic H2 production of all the heterojunctions is increased.
The utmost H2 production is achieved by ZN-30 with H2
production rates of 247.56μmolg-1 h-1 which is 1.46 times
greater than ZnO and 1.82 times greater than NiO. There-
fore, the photocatalytic H2 production response is enhanced.
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